The aim of this study was to investigate the proper timing on restoring composite resin over mineral trioxide aggregate (MTA). Methods:
Mineral trioxide aggregate (MTA) is composed of a hydrophilic powder, which reacts with water and sets through the process of hydration (1) . MTA has been widely used as root-end and root canal filling materials (2-7), a root or furcal perforation repair material (8, 9) , a pulp-capping material (10) (11) (12) (13) (14) , apexification (15, 16) , and pulpotomy (17, 18) . Although MTA is now thought to be an indispensable biomaterial in the endodontic fields, the main disadvantage is its prolonged setting time (initial: after 24 h to 40 MPa of compressive strength (CS) and 45 minutes; final: after 21 days to 67 MPa of CS) (19) .
This study is the first report regarding the composite resin restoration after different periods of time after MTA filling for vital pulp therapy. To assess the influence of potential prognostic factors on the success rate of direct pulp capping, a univariate analysis was previously applied for a MTA group and Ca(OH) 2 group. The following variables were discussed as possible influential factors: age, gender, tooth location, type of tooth, type of restoration, time span before placement of restoration, site of exposure, type of pulp exposure, size of restoration, quality of coronal restoration at follow-up, treatment providers, and recall time (20) . No conspicuous factors could be identified in the MTA group. Three time periods; immediately, 1 day, and 7 days after MTA pulp capping were investigated in the present stud y.
The proper timing for composite resin restoration over MTA placement has not been studied extensively because etching, rinsing, and priming all affect MTA setting. The manufacturer 's instructions about how to set MTA 3 indicate that a cotton pellet should be placed over the setting MTA for four hours before placement of the final restoration. Hence, the patient has to be recalled for a second visit for the final restoration. Clinical data showed that the prognosis after direct pulp capping using MTA does not depend on the timing of final restoration (<2 days or >2 days) (20) . In another study, the shear bond strength (SBS) between MTA and composite resin was measured 48 hours after MTA mixing (21) . An appropriate SBS (approximately 13 MPa) was obtained using an adhesive agent. However, the surface structural changes of MTA after composite resin restoration after various time intervals, including a short time lapse, have not yet been examined with regard to the physical properties. The aim of this study was to investigate the proper timing of restoring composite resin over MTA. The test hypothesis was that a very early composite resin restoration over MTA is possible under conditions that are sufficient for moist curing. 
Materials and Methods

Preparation of Samples
For the control group, MTA was added to the tubes after mixing for 1 minute, and a moist cotton pellet was placed on the MTA. A 2 mm layer of hydraulic temporary cement (Lumicon ® ) (Heraeus-Kulzer Co, Germany) was placed on top of the MTA, and the MTA was maintained in the container for 21 days at room temperature and a relative humidity of 100%. For the 1-day group without bonding agent, a moist cotton pellet was placed on the MTA after it was added to the tube. Lumicon ® was placed at a 2 mm in thickness on MTA, and MTA was maintained at room temperature and 100% relative humidity. One day after MTA filling, the Lumicon ® and a moist cotton pellet with small fragments of Lumicon ® were removed, and the 5 MTA surface was air-blown. Next, the same procedures performed for 10-minute group without bonding agent were carried out for composite resin restoration and MTA maintenance.
In the 1-day group with bonding agent, samples were treated as in the 1-day group without bonding agent, but both a primer and bonding agent were used, as done in the 10-minute group with bonding agent.
For the 7-day group without bonding agent, after filling the tube with MTA, a moist cotton pellet was placed on the MTA. Lumicon ® was placed at a 2 mm in thickness on the MTA, and the tube was maintained at room temperature and 100% relative humidity. Seven days after MTA filling, the MTA surface was air-blown as in the 1-day group, and composite resin restoration and MTA maintenance were done as in the 10-minute group without bonding agent.
In the 7-day group with bonding agent, samples were treated as in the 7-day group without bonding group, but both a primer and bonding agent were used, as done in the 10-minute group with bonding agent.
Twent y-one days after MTA mixing, all samples were removed from the silicone tubes, were embedded in epoxy resin (SpeciFix-20; Streus A/S, Ballerup, Denmark), and were maintained in a container for one week at room temperature. Thereafter, they were cut longitudinally into halves with an IsoMet ® (Buehler, Lake Bluff, IL). The longitudinal planes were then ground with silicon carbide papers up to #1500 grit, and finally polished with Diamond Abrasive Films (South Bay technology, Inc, San Clemente, CA) up to 0.5 µm in size.
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Scanning Electron Microscopy (SEM)
The samples were mounted on aluminum holders with adhesive carbon tape and observed using an operating microscope. Thereafter, the same samples were coated with carbon using a vacuum evaporator (JEE-400; JEOL Ltd, Tokyo, Japan). They were then examined with a scanning electron microscope (S-3500N; Hitachi Ltd, Tokyo, Japan). SEM (magnification: × 500, ×2,000) was conducted using a secondary electron imaging technique, with instrument operating at 15 kV and a working distance of 15 mm. The distances between the MTA and composite resin, or between the MTA and bonding agent on longitudinal planes were measured at five points at 0.5 mm intervals at the interface (magnification: ×2,000).
Vickers Microhardness Measurements
The microhardness measurements were performed with a Vickers microhardness tester (Akashi MVK-H-M; Mitsutoyo Co, Kawasaki, Japan).
The microhardness was measured on the MTA surface at five points at 0.5 mm intervals at a 200 µm of distance from the interface using a Vickers indenter at a 50 gf of load and with a 5 s dwell time. The angle between the opposite faces of the diamond indenter was 136 o . The mean microhardness value of each specimen was calculated, and the values were expressed as the means + standard deviations (SD).
Statistical Analyses
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The obtained Vickers microhardness data were evaluated statistically using the StatView software (version 5.0). The difference between the groups with and without bonding resin for each time interval before composite resin restoration was compared using an unpaired Student's t-test.
The differences based on the time intervals before composite resin restoration in each group without or with bonding agent were analyzed by a one-way ANOVA, and multiple comparisons were evaluated by the Newman-Keuls test. Significance was set at the 5% level.
Results
SEM
In the 10-minute groups without and with bonding agent, no gap was observed between the MTA and composite resin, or between the MTA and bonding agent ( Figs. 1a and b) . High magnification images (magnification:
×2.000) of epox y resin and bonding agent presented clear and different texture of surfaces each other. The former surface was observed as a scaly and not smooth appearance, but the latter as a smooth and flat appearance.
Furthermore, the interface between composite resin and bonding agent was
relatively smooth compared to that between composite resin and gap.
Although complete separation at the interface between the MTA and composite resin occurred in all specimens in the 1-day group without bonding agent (Fig. 1c) , no gap was observed between the MTA and bonding agent in the 1-day group with bonding agent (Fig. 1d ). In the 7-day group 8 without bonding agent, some parts of the interface were in contact between the MTA and composite resin, however, the gap (from 4 to 40 µm in length) occurred at other parts of the interface between the MTA and composite resin ( Fig. 1e ). In the 7-day group with bonding agent, no gap was observed between the MTA and bonding agent (Fig. 1f) . Table 1 shows the microhardness values in the seven groups. There were no significant differences between the composite resin restoration with and without the bonding agent at all time points examined (P>0.05). ANOVA showed that the application time for composite resin restoration affected the microhardness (P<0.01), regardless of the presence or absence of a bonding agent. In the groups treated without a bonding agent, except between the 10-minute and control groups (P>0.05), there were significant differences between groups (P<0.05). In the groups treated with a bonding agent, a significant difference was observed between the 10-minute and 1-day groups, between the 1-day and 7-day groups, and between the 1-day and control groups (P<0.01). However, there were no significant differences between the 10-minute and 7-day groups, between the 10-minute and control groups, and between the 7-day and control groups (P>0.05). Totally, the 10-minute groups presented the higher values similarly as the control group.
Vickers Microhardness
Discussion
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The main chemical compositions are similar between MTA and Portland cement, although the quantitative results of trace elements exhibits marked differences (22) . Therefore, the basic setting behavior of MTA is thought to be similar to that of Portland cement. The most important factor affecting Portland cement setting is curing (23) . The mean setting time of MTA was 165 + 5 minutes, and at 24 hours, MTA had the lowest compressive strength (40 MPa), but this increased to 67 MPa after 21 days (19) .
A spectral analysis previously demonstrated that the placement of glass ionomer cement (GIC) over MTA after 45 minutes did not affect its setting reaction, and that calcium salts may be formed in the interface of these two materials (24) . It could therefore be concluded that conventional GIC might be layered over partially set MTA after 45 minutes and could be used for single visit procedures (25) . The microhardness of MTA is affected by many factors, such as the pH (26, 27) , humidity and setting time (28) , thickness of the material (29) , condensation pressure (30) , the acid-etching procedure (31) , the setting conditions (32), EDTA treatment (33) . The microhardness value also significantly increased after SEM {personal communication, the value before SEM: 67.09 + 26.01 (n=5)}. In the clinical setting, further uncontrolled factors such as bleeding and exudation from pulp related to individual cases are also present. In the 10-minute groups in the present study, SEM revealed interlocking areas at the interface due to roughness of MTA, and the microhardness of the MTA at the interface showed a high value similar to the control. The initial setting of the MTA has not yet been completed at this time. In the 10-minute group treated using a bonding agent, the self-etching procedure for composite resin restoration did not disturb the microhardness of the MTA, so the moist curing for MTA may be sufficient during this procedure. Therefore, the early covering of MTA with composite resin allows for sufficient moist curing, and does not prevent the setting reaction of the MTA.
In the 1-day groups, the microhardness decreased remarkably regardless of the presence or absence of a bonding agent. The dehydration of MTA surface due to air-drying before composite resin filling resulted in the prevention of moist curing and a significant decrease in the microhardness value. This negative effect of air-blowing on MTA surface was also recognized even in the 7-day groups treated with the bonding agent. These findings suggest that when MTA is mixed as per the manufacturer 's instructions, a composite resin could be successfully placed on the MTA, similarly to GIC restoration, without affecting its hardness.
In conclusion, when hydration during the MTA setting process is guaranteed, there are no particular problems related to composite resin restoration even if it is performed almost immediately after MTA filling as a recommended clinical procedure. 
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